Introduction
Many studies regarding the efficacy of humidified highflow nasal cannula (HFNC) have been published in the last decade, and it is recognized that HFNC facilitates mucociliary clearance, accurate oxygen flow, and low-level positive airway pressure. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] HFNC has been used successfully with medical ICU patients, as well as in postoperative cardiac and vascular populations. 3, 6, [10] [11] [12] [13] [14] [15] One study in the trauma literature supported use of early noninvasive ventilation (NIV) in blunt trauma, 16 but much work is yet to be done regarding use of HFNC in trauma populations.
Although many studies have focused on the physiological mechanisms and processes of the therapy, 2, 5, [7] [8] [9] [10] 14 very few have explored the timing of initiation, relevance to heterogeneous populations, and general patient outcomes.
With the benefits of HFNC demonstrated in certain study populations, it is reasonable to explore other aspects and outcomes of the therapy. For example, one meta-analysis suggested that NIV led to a significant reduction in intubation rates, as well as reduced ICU stay, for subjects experiencing acute respiratory failure after chest trauma. 17 Another review reported that blunt chest trauma subjects benefited from early initiation of NIV, leading to decreased ICU stay, complications, and mortality. 16 Nevertheless, neither of these studies included HFNC, even though some literature has proposed that HFNC is equivalent or superior to standard NIV. 4, 12 If HFNC performs similarly to, or even better than, standard NIV devices, HFNC therapy may have analogous benefits to medical and trauma patients who were found in the aforementioned studies using NIV.
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Study Rationale
There is a paucity of information regarding use of HFNC across heterogeneous populations. In this retrospective analysis of subjects admitted to the ICU, we analyzed the demographic and clinical predictors of HFNC success across a heterogeneous population of ICU subjects. We hypothesized that early use of HFNC would reduce the incidence of adverse events or complications, and ICU and post-ICU lengths of stay.
Methods
Study Design and Patient Sample
A retrospective study was conducted at a tertiary hospital with a 24-bed adult ICU (Iowa Methodist Medical Center, Des Moines, Iowa). Subjects were identified prospectively through a respiratory therapy database that tracked daily bedside therapies and therapist assignments. Patients were included in the study if they were age 18 y or older and received HFNC therapy during the study period of March 2012 through February 2014. Decision to initiate HFNC was made by the respiratory therapist in conjunction with a critical care attending physician when supplemental oxygen-delivery devices were ineffective. The population was an equal mix of trauma and medical subjects, which accurately reflects the heterogeneous composition of the ICU at the study hospital.
HFNC was delivered by the Fisher & Paykel Optiflow system (Fisher & Paykel Healthcare, Auckland, New Zealand). The system consists of an air-oxygen blender (model 3500HL, Sechrist Industries, Anaheim, California) with adjustable F IO 2 (21-100%) that delivers a modifiable gas flow (up to 80 L/min) to a humidification system (Fisher & Paykel MR 850) where the gas is heated. The gas mixture is then routed through a high performance circuit containing water to be delivered at 37 o C via short, widebore bi-nasal prongs (RT033 or RT044). At the study hospital, initial settings are routinely fixed at 50 L/min and 50% F IO 2 . No funding or support was received from the manufacturer to conduct this study.
Chart review of the electronic medical record was conducted for data not included in the respiratory therapy database. Three surgical residents and one critical care physician reviewed the records for data extraction. Interrater reliability was assessed for 10% of the records to ensure consistency in abstraction. The study was approved by the institutional review board at the hospital. The requirement of subject consent was waived because chart review occurred retrospectively after patient discharge.
Study Variables
Demographic variables included subject gender, age, body mass index (BMI), residence at home before admission, and discharge disposition (home or facility). Mortality included subjects who died in the hospital or were discharged to hospice. The palliative care variable indicated whether a subject received a palliative care consultation during the stay or was discharged to a hospice setting.
Admitting diagnoses and comorbid health conditions were derived from several sources in the electronic medical record, including admission notes, consultation notes, and discharge summaries. Two broad categories of diagnoses were created: medical diagnoses (including bronchitis, cancer, congestive heart failure, hypercarbia, pleural effusion, pneumonia, and pulmonary edema) and thoracic trauma diagnoses (flail chest, hemothorax, pneumothorax, pulmonary contusion, and rib fractures). Comorbid health conditions included past medical history of asthma, atrial fibrillation, COPD, congestive heart failure, obstructive sleep apnea, and current tobacco use.
For each HFNC session, we recorded several data points from the beginning and end of each session: date and time, L/min, F IO 2 , heart rate, breathing frequency, S pO 2 ,
QUICK LOOK
Current knowledge
Heated and humidified O 2 delivered by high-flow nasal cannula (HFNC) reduces ventilatory requirements by flushing the anatomical dead space and improves oxygenation by meeting inspiratory flow demands. A low level of end-expiratory pressure may also be generated further enhancing oxygenation. Heat and humidity allows high flows to be tolerated and improves patient comfort.
What this paper contributes to our knowledge
In this retrospective review of heated and humidified HFNC use in a mixed medical surgical population, early use was associated with reduced ICU stay when compared with later implementation. No significant adverse events were identified during HFNC use. systolic blood pressure, and diastolic blood pressure. We computed the length of time between ICU admission and initiation of the HFNC; the variable is reported in days to aid in interpretation of results. We also determined whether HFNC therapy was used before or after the subject received mechanical ventilation.
We were interested in whether early use of HFNC was associated with improved patient outcomes. The first outcome of interest was the occurrence of an adverse event or complication. Ventilator-associated pneumonia (VAP) was derived from definitions from the Centers for Disease Control and Prevention, per hospital protocol. An unplanned ICU admission was defined as a return to the ICU after transitioning to a general in-patient floor. An unplanned intubation was indicated if the subject was extubated from mechanical ventilation and subsequently reintubated, or if the subject was intubated for the first time after HFNC. It should be noted that we excluded subjects who received mechanical ventilation only for surgical ventilation as a means of general anesthesia rather than a therapy to treat respiratory insufficiency, and if the duration of mechanical ventilation was Ͼ 24 h. Finally, a medical emergency team call was indicated if the alert was activated for the subject on a general in-patient floor.
The second outcome of interest was the ICU stay. ICU stay was calculated such that any partial day counted as a full day. For example, 2 days and 1 night in the ICU were calculated as 2 days in the ICU. A third outcome of interest was the post-ICU stay, which was calculated as the time between the first ICU discharge and the hospital discharge. Subjects were excluded from this outcome if they were discharged from the hospital directly from the ICU.
Statistical Procedures
All analyses were performed with SPSS Basic Statistics 20.0 (IBM, Armonk, New York). Descriptive statistics were examined and reported for categorical data as counts and percentages, and for continuous data as medians and interquartile ranges (IQR). Correlations between subject characteristics and outcome variables were calculated with Spearman's rho coefficient (r s ). Multivariate regression was conducted with saturated main effects models in the first step; variables contributing least to the model were omitted, and only the final equations are presented. All statistical tests were 2-tailed and based on a 0.05 significance level.
Results
The study sample included 145 subjects; demographic and clinical characteristics of study subjects are summarized in Table 1 . Fifty-nine percent of the subjects were male, and the median age was 66 y (IQR: 56 -78). The majority of subjects resided at home before hospital admission, but 41% of subjects were discharged home after the stay. One-quarter of subjects received palliative care, and 20% of subjects died in the hospital or were discharged to hospice. A considerable number of subjects had at least one comorbid health condition, with the most frequent conditions including COPD (37.2%), atrial fibrillation (24.1%), and current smoker (21.4%). Table 2 shows the admitting diagnoses and complications of subjects in the study. Nearly 60% of subjects in the study had a medical diagnosis, and 40% had a thoracic trauma diagnosis. The most common medical diagnoses were pleural effusion, hypercarbia, and pneumonia. Additionally, more than half of subjects were hypoxic, and nearly one-third were tachycardic at the time of admission to the hospital. The most common thoracic trauma diagnoses were rib fractures, pneumothorax, and pulmonary contusion.
Forty-three percent of all subjects experienced at least one adverse event during their stay (see Table 2 ). More than 20% of subjects received a medical emergency team call or experienced an unplanned ICU admission, and nearly 20% of subjects had an unplanned intubation. Seven percent of subjects developed VAP. Table 3 shows the device settings and patient vital signs from the beginning and end of the initial HFNC therapy. At the start of the therapy, median air flow was 50 L/min (IQR: 50 -60) and median F IO 2 was 0.50 (0.40 -0.60); there was a statistically significant decline in support levels over the course of the therapy. After the HFNC therapy, subjects had significant reductions in heart rate and breathing frequency, but there were no significant differences in S pO 2 or blood pressure. The median time to first HFNC was 1 hospital day, and the initial therapy was approximately 26 h in duration. Figure 1 illustrates the timing of mechanical ventilation and HFNC therapy for all subjects in the study. Approximately 25% of subjects (n ϭ 35) received mechanical ventilation before HFNC, and 7 of those subjects (20.0%) were extubated from mechanical ventilation and subsequently reintubated. The majority of subjects who received mechanical ventilation before HFNC were discharged alive (n ϭ 31; 88.6%), and 6 subjects (17.1%) ultimately received a tracheostomy. Of the 110 subjects who did not receive mechanical ventilation before HFNC, 21 (19.1%) deteriorated on HFNC and were intubated and 5 subjects (4.5%) ultimately received a tracheostomy. Nearly 25% of subjects (n ϭ 25) in this group died or were discharged to hospice.
Timing of HFNC
Receiving mechanical ventilation before HFNC was moderately correlated with an admitting diagnosis of hypercarbia (r s ϭ 0.26, P ϭ .004), as well as the development of VAP (r s ϭ 0.29, P Ͻ .001), increased ICU stay (r s ϭ 0.35, P Ͻ .001), and increased post-ICU stay (r s ϭ 0.26, P ϭ .002). Subjects who received mechanical ventilation before HFNC received their first HFNC therapy on day 5 of their hospital stay (median ϭ 122 h; IQR: 60 -248). In comparison, subjects who did not receive mechanical ventilation before HFNC received their first HFNC therapy 1.5 d after hospital admission (median ϭ 37 h; IQR: 9 -92).
Adverse Events
Days to first HFNC were not correlated with receiving a medical emergency team call later in the stay and were weakly correlated with unplanned intubation. However, days to first HFNC were moderately correlated with an unplanned ICU admission (r s ϭ 0.25, P ϭ .003) and were strongly correlated with development of VAP (r s ϭ 0.40, P Ͻ .001). Incidence of at least one adverse event was moderately associated with ICU stay (r s ϭ 0.31, P Ͻ .001) and post-ICU stay (r s ϭ 0.33, P Ͻ .001).
ICU Stay
Regression coefficients associated with ICU stay in the final multivariable model are presented in Table 4 . Among a heterogeneous population of ICU patients, the incidence of mechanical ventilation at any time did not significantly predict ICU stay. Analyses revealed, however, that having an unplanned intubation during hospitalization and developing VAP were highly predictive of ICU stay. Additionally, the number of days between ICU admission and first HFNC significantly increased ICU stay, even after controlling for mechanical ventilation and adverse events.
Post-ICU Stay
Multiple regression analyses were conducted to examine the relationship between predictor variables and post-ICU stay, and results are shown in Table 5 . Receiving mechanical ventilation did not have a significant effect on post-ICU stay. However, length of time in the ICU and unplanned ICU admission were each associated with an increased post-ICU stay. Additionally, days to first HFNC therapy were associated with an increase in post-ICU stay.
Discussion
The purpose of this study was to provide information regarding demographic and clinical predictors of HFNC success across a heterogeneous population of medical and trauma patients. We found that when HFNC was started earlier in the hospital stay, subjects experienced shorter lengths of stay in the ICU and in the post-ICU periods, as well as fewer adverse events. These relationships remained significant even after controlling for other important events that could lengthen hospitalization, such as mechanical ventilation and unplanned intubation.
As mentioned previously, a number of prior studies have shown the beneficial use of HFNC [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] ; however, ICU and post-ICU lengths of stay have rarely been studied as out- Because our study population was heterogeneous in nature, results suggest that a broad range of ICU patients can benefit from early use of HFNC therapy. Further investigation is warranted to determine the efficacy of early, first-line use of HFNC upon admission to the critical care setting, or even as early as in the emergency department before ICU admission. It is notable that the effect of the timing of HFNC remained highly significant in the regression equations, even after controlling for other confounders. For example, unplanned intubation and delay to HFNC are intuitively related but only weakly correlated (r s ϭ 0.17, P ϭ .05), yet both variables were significant predictors of ICU stay. Results demonstrate that, when controlling for other important events that occur during hospitalization, every 1-day delay to HFNC increases ICU stay by one-half day. This suggests that first-line HFNC therapy may play a significant role in reducing ICU and hospital stay.
A recent study by Messika and colleagues 12 found that subjects who tolerated HFNC had sustained benefits when they did not require intubation. In our analysis, there was a 20% intubation rate in subjects initially treated with HFNC. However, we were unable to identify significant factors predicting failure of HFNC. Hypercarbia, pleural effusions, and spinal injury were weakly but significantly correlated with unplanned intubation. Arguably, these are indicators of poorly controlled medical illness or sudden decompensation in medical status. Further studies should be performed in these particular patient populations that may elucidate how early use of HFNC can reduce intubation rates.
It should also be noted that 20% of our study population died or were discharged to hospice. There were 34 palliative care subjects in the study: 5 (14.7%) received mechanical ventilation before HFNC, 8 (23.5%) received mechanical ventilation after HFNC, and 21 (61.8%) never received mechanical ventilation. Thus, many of the palliative care subjects may have experienced HFNC as a means of palliation, as the majority did not have escalation of therapy to mechanical ventilation. For subjects with acute respiratory failure, multiple comorbidities, and do-not-intubate orders, HFNC may be a useful means of palliation. Peters and colleagues 18 reported that HFNC provided adequate oxygenation for 82% of subjects with do-not-intubate orders without requiring escalation to NIV. To our knowledge, the use of HFNC has not been studied in a palliative population, and further examination is warranted to determine its therapeutic utility.
Lastly, it deserves mention that HFNC therapy can only be administered in the ICU at the study hospital. It is possible that some subjects did not warrant ICU admission except for the requisite HFNC therapy. Plans are under way to expand HFNC therapy to the floor, which could further decrease overall stay, reduce the likelihood of patients experiencing adverse events, and ease the costs associated with critical care hospitalization.
Limitations
This study has several limitations. The first limitation is that data were collected retrospectively, and we could only ascertain information that was documented in the electronic medical record. Second, because the subject population is a heterogeneous mix of medical and trauma patients, it includes a mixture of medical conditions. Therefore, generalizations cannot be made about any specific subsample of diagnoses. Third, we do not have a control sample of subjects who were similar in acuity but did not receive HFNC, so determinations about the success of the therapy are made with caution.
Conclusions
This study of heterogeneous populations using HFNC shows that there may be a benefit to using HFNC earlier in the hospital course as a means to reduce the incidence of adverse events and decrease ICU and post-ICU hospital stays.
